Graphene oxide (GO) nanosheets were prepared by a novel simplified Hummer's method. The morphological and cross section images of GO have been tested with field emission-scanning electron microscope (FE-SEM). The antibacterial activity of GO nansheets against Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus) were investigated as a model for Gram-negative bacteria and Gram-positive bacteria respectively. Bacteriological tests were performed by agar well diffusion assay with different concentrations of GO nanosheets and the bacterial morphological change of two bacterial species has been studied by scanning electron microscope (SEM) before and after treated with GO nanosheets. These sheets have been approved to be an effective bactericide. The antibacterial activity of the nanosheets dispersion was measured by agar well diffusion method. Scanning electron microscopy (SEM) was used to investigate the biocidal action of this nanoscale material. The nanosheets of GO have shown a high antibacterial activity against Gram-positive bacteria. The results of the present work offer a novel assay to prepare GO nanosheets were it could be used as novel antibacterial agent in future for different areas of biomedical and pharmaceutical sciences, like biosensing, antibiotics, imaging, and drug delivery.
Applications of the nanotechnology to health care can be termed as "nanomedicine" which requires a combination of various disciplines including physics, chemistry, biology and medicine 1 . High chemical reactivity, ability to form aggregates, diffusivity, and the high surface to volume ratio of nanoscale materials is related with a number of novel and eligible properties as compared to the corresponding bulk materials. These properties involve chemical, mechanical, electrical and optical characteristics such as light absorption and conductivity, as well as catalytic and biological activity [2] [3] [4] . During the last ten years, synthesis and characterization of graphene based materials of sp 2 single atom sheet of bonded carbon atoms in a closely packed honeycomb of two dimension lattice, is regarded one of the most attractive nanostructures have evoked much interest because of their variety electronic, thermal, optical, mechanical, and magnetic properties 5, 6 . Different carbon materials, such as graphene, graphene oxides (GO) and reduced graphene oxides (RGO) were intensively paid attention during last decade, as potential antimicrobial agents in tissue engineering biomaterials with minimal toxicity to live cells. Their biocompatibility, high mechanical strength, high surface area, also the ability to induce sustained stem cell growth and differentiation to various lineages which are regarded additional advantages 7 . Carbon based nanomaterials, such as two dimensions (graphene nanosheets), one dimension (Carbon nanotubes), and zero dimension (fullerenes) are widely used in different fields of nanotechnology. Graphene nanosheets can degrade the bacteria. They also reduce cell viability, which can attack the cell membranes and extract great amounts of phospholipids due to strong dispersion interactions between graphene and lipid molecules 8 . The GO has a large surface area (high surface to volume ratio), and good dispersibility in most solvents. The presence of large quantities of oxygen containing functional groups on the sheet basal plane and sheet edge of GO makes it extremely hydrophilic and provides the capability to apply GO in the biological environment. The GO nanosheets with these many reactive groups can interact strongly with cells and easily penetrate or cover cell surfaces, showing higher affinity for bacteria [9, 2] . The E. coli and S. aureus are the common bacterial species and the main cause of infectious diseases in humans and animals 10 . Therefore, it is significant to look for new antibacterial materials as alternative of antibiotics for therapy these bacterial strains.
In the current work, the common method for preparing GO nanosheets is Hummer, which is followed since 1958 by W. S. Hummers et al. 11 . This method have been simplified in this study to be more facile, require fewer apparatus (just magnetic stirrer), and hence lower cost. The antibacterial susceptibility of GO nanosheets for the Gram-negative (E. coli) and the Gram-positive (S. aureus) were investigated in the laboratory with different concentrations by using the most often performed way that is the well diffusion method. This method is well documented and standard zones of inhibition have been determined for susceptible and resistant values. The antibacterial activity also achieved by studying the influence of GO nanosheets on morphology of bacterial cell wall by using SEM.
The aims of the present study were to synthesize GO nanosheets with a novel method by simplifying the main Hummer's method, and to test the antibacterial activity of these nanostructures.
Materials and Experimental Techniques of Graphene Oxide Nanosheets Chemicals and reagents
Nanostructured GO sheets have been prepared by a novel method using a simplified Hummer's method from the laboratory Graphite powder, which has been supplied by Sigma Aldrich Company (Germany). The Sulfuric acid (H 2 SO 4 ) has been supplied by Schwefelsäure Company (Netherlands) of purity 95-97%, Potassium permanganate (KMnO 4 ) of 99% purity has been supplied by GCC Company (England), and finally, Hydrogen peroxide (H 2 O 2 ) of 37% purity has been supplied by United Horizon Company (USA).
Instrumentation
The FE-SEM morphology, microstructural features, and cross section images of dried GO drops on glass substrates have been investigated by using type (Hitachi FE-SEM model S-416, Japan). An accelerating voltage of 20 kV was used for secondary electron imaging (SEI) of 1.5 ¼m thickness of gold (Au) coated samples.
Preparation of Graphene Oxide by Using a Simplified Hummer's Method
The GO nanosheets have been prepared, depending on Hummer's method, which is an easy and efficient technique since 1958. This method has been simplified to prepare the GO with a novel method without a need to add sodium nitrate (NaNO 3 ), and at room temperature without a need to water bath at temperatures of 35°C and 98°C. GO nanosheets have been prepared by chemical exfoliation of 1 g of graphite powder (212 ¼m mesh) has been added to 100 ml of high concentrated H 2 SO 4 which acts as strong oxidant medium under magnetic starrier. In order to prevent over heat and explosion, the KMnO 4 (3 g) has been gradually added to the solution placed in ice bath to keep temperature under 20 °C. To obtain fully oxidization from graphite to graphite oxide, the above reaction has been continued for about 3 days. Drops of H 2 O 2 (5% v/v) has been added to the solution, in order to destroy the excess of KMnO 4 , and hence to terminate the oxidation process. For purification, the mixture was washed by rinsing and centrifugation [Gemmy Industrial Corporation (Taiwan)] with speed 8000 rpm several times with 1 M of HCl solution to remove the metal ions. Then, it was washed repeatedly with deionized water The used Materials for antibacterial activity of GO nanosheets were nutrient broth (Himedia, India), Mueller-Hinton agar (Lab M 008, UK), petriplates, and cotton swabs.
Preparation of Inoculums
Nutrient broth 1.3 g in 100 ml of distilled water (D.W.) has been prepared in two universal tubes and sterilized. In one universal tube clinically isolated strain of E. coli, has been inoculated and in the other universal tube clinically isolated strain of S. aureus has been added. The bacterial cultures inoculated nutrient broth has been kept on incubated for 24 h at 37 °C.
Experimental Techniques
Agar well diffusion assay, and SEM technique were used for antibacterial activity of GO nanosheets.
Agar Well Diffusion Assay
The antibacterial activity of the GO nanosheets were tested against two types of bacteria: E. coli (Gram-negative bacteria), and S. aureus (Gram-positive bacteria) by using agar well diffusion method. This assay includes weighting of 3.8 g of Mueller Hinton agar and dissolved into 100 ml of D.W. The medium, which was prepared, has been put in an autoclave, and it passes through cycle of sterilization. Nutrient agar (about 20 ml) has been poured into sterilized Petri dishes and allowed to solidify. Bacterial strains were taken from stock bacterial culture by sterile swab, where inoculums of bacterial were spread on Mueller Hinton agar. Then, 6 mm diameter wells were holed into the agar with the sterile tip. The GO nanosheets have been loaded with equal volume (60 ¼l) with different concentrations 1000, 750, 500, and 250 ¼g/ml on the plates. The plates, which contain the test organisms, were incubated for 24 h at 37 °C. As the bacteria have been grown to take a confluent lawn shape, the inhibition of growth could be measured as the expansion of the clear zones surrounding the holes on the Petri dish. The inhibition zone (IZ) diameters have been recorded by using a meter ruler, whereas, the average value for each well has been calculated. All of these tests have been achieved in triplicate. Distilled water has been used as a negative control.
Morphological Changes of Bacterial Cells between Untreated and Treated with Graphene Oxide Nanosheets
The SEM technique has been used to observe any morphological changes of bacterial cells. Four groups of specimens are E. coli and S. aureus cells were tested after and before treatment with GO nanosheets. Bacterial cells of E. coli and S. aureus were treated with GO nanosheets for 4 h. The prepared samples for SEM technique, the treated and untreated bacterial cells of E. coli and S. aureus with GO nanosheets, were centrifuged at 3000 rpm for 5 min and then washed 3 times with phosphate buffer saline (PBS, 50 mM, pH 7.3). Later on, a suspension of thin smear was spread on a silicon wafer slide and dried at room temperature. In order to make sure of good SEM technique performance, the samples were sputtered with Au for 5 min, to create a 2 nm thickness of Au layer. The samples were measured by using a scanning electron microscope (SEM model VEGA3LMU, TESCAN Company, USA) in the (Department of Production Engineering and Metallurgy, University of Technology, Baghdad -IRAQ) was operated at an accelerating voltage of 20 kV to observe the morphological changes of treated bacteria cells compared with that untreated.
RESUlTS AND DISCUSSION

Field Emission-Scanning Electron Microscope of Graphene Oxide Nanosheets
Figure (1 a) shows the morphology of GO nanosheets which represents an ultrathin and homogeneous of the GO film with a corrugated surface. However, from figure (1 b) , it can be seen that the cross section photograph of GO has a layered structure with tightly packed.
Antibacterial Activity of Graphene Oxide Nanosheets
The antibacterial activity of GO nanosheets has been studied by using the agar well diffusion assay against both E. coli and S. aureus. The results of IZ against E. coli and S. aureus bacteria at different concentrations of GO nanosheets 1000, 750, 500, and 250 ¼g/ml have been shown in figure (2) . The highest concentration showed the strongest antibacterial activity. It is clearly, that the antibacterial activity of GO nanosheets with higher concentrations had greater inhibitory effects for both Gram-negative and Gram-positive bacteria strains. The effect of nanosheets on Gram-positive bacteria was higher than Gram-negative bacteria, which are seemed to have a little resistant to the nanosheets as shown in table (1) .
In general, small size nanoparticles show better antibacterial activity, because decreasing of volume will cause increasing of surface area, and hence increase the antibacterial activity. The cell membrane has nanosized pores which allow the smaller nanoparticles easily to penetrate the cell and reach to the nuclear content of bacteria (reverse osmosis) [13] .
SEM technique has been used to test the changes in cell morphology after contacting to GO nanosheets. In order to explain the effect of GO nanosheets on the bacteria, GO nanosheets can damage the bacterial cell membrane due to the penetration. Hence the SEM technique have been used to measure the morphologies of E. coli and S. aureus bacteria after and before treating with the GO nanosheets, as illustrated in figure (3) .
In E. coli bacteria, the SEM images of control cells were typically rod shape (figure 3 A) which represents a uniform bacteria cell surfaces. However, in the GO nanosheets treated bacterial cells (figure 3 B) it is noted that there is an indication of occurred damage, and hence structural changes on bacterial cell membrane.
In S. aureus bacteria, the SEM image of control cells has a typically grape shape (clusters) (figure 3 C), the cell surface was intact, and each cell size was almost same. However, after GO nanosheets treatment (Figure 3 D) , an irregular shape of the bacterial cell was appeared, which indicates a structural changes and damage on bacterial cell surface. An increasing of penetration of cell membrane and/or leakage of the cell contents which could be caused by reactive oxygen species (ROS) 14 .
The images of figure (3) were revealed the morphological variation of the two kinds of bacteria membranes and the damage of the cells structure.
The observed differences are due to many reasons such as the primary variance between the Gram-negative and Gram-positive bacteria with respect to the nature of their cell wall, as well as, the Gram-negative bacteria have an additional outer membrane comprising of lipopolysaccharide which protects the peptidoglycan layer from chemical attacks 1 .
Structural variations in the bacterial cell wall led to the classification of bacteria into Gram-negative and Gram-positive. Where, the last bacterial cell wall involves a thick peptidoglycan layer and another coat of polysaccharide usually formed from teichoics and teichuronic acids. However, the cell wall of Gram-negative bacteria has more complexity, include thin layers of peptidoglycans, lipoproteins, lipopolysaccharides and an outer membrane. This structure explains, why Gram-positive would be more influenced by nanoparticles than Gram-negative bacteria 15 . It has been suggested that the higher capability of Gram -positive bacteria could be associated to the differences of cell wall structure, cell physiology, metabolism or degree of contact. An E. coli bacterium has resistant to the antibacterial influence of the GO nanosheets as compared to a S. aureus bacterium. This can be explained by two reasons. Firstly, the existence of a number of small channels of porins within the outer membrane of E. coli may help block the entrance of the nanoparticles into the bacterial cell, making them more complicated to inhibit than S. aureus. Secondly, the smaller dimension of S. aureus (sphere, about 0.5-1 ¼m) may partly account for the more intimate contact with the nanoparticles, making the antibacterial activity of the S. aureus more efficient than that for the E. coli (rod, about 0.3-1× 1-6 ¼m) 16 . Generally, the cell membrane appears to be a primary target of the cytotoxicity of GO nanosheets. Membrane damage may be caused by the atomically sharp edges of graphene, which could penetrate the cell membrane and physically disrupt its integrity. The oxidative nature of GO also presents as another cause of membrane damage for bacterial cells that exposed to GO 17, 18 .
CONClUSIONS
In this study, the GO nanosheets have been prepared by the simplified Hummer's method; it is facile and inexpensive chemical way. The morphology and cross section images of FE-SEM measurements of GO nanomaterials confirmed the existence of layered structure. These synthesis GO nanosheets have been tested as antibacterial activity for Gram-negative and Gram-positive bacteria. The GO nanomaterial shows antibacterial properties, and the obtained results allowed to formulate the conclusion that nano-GO may inhibit bacterial growth. The IZ test has been found that the antibacterial activity of the GO nanosheets is increased with increasing nanosheet concentration in well diffusion method, where the greatest inhibitory influence at 1000 ¼g/ml for two types of bacteria and were more efficient against Grampositive than Gram-negative bacteria. The surface morphological changes have been examined by using SEM technique; the treated bacterial cells were considerably changed and showed great damage compared to that untreated (controls) for two species. Overall, the optimal antibacterial activity of GO nanosheets was observed against S. aureus bacteria, in comparison with E. coli bacteria.
The results of the current study confirmed the GO nanosheets have been prepared successfully by novel way and can be used as antibacterial material for biomedical and pharmaceutical applications.
